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(54) Flame-retardant polyolef in-type resin composition method for the preparation thereof, and 
f lame-retardant cables 

(57) A flame-retardant polyolef in-type resin compo- 
sition comprising 

(A) 100 weight parts polyolefin-type resin, 

(B) 30 to 200 weight parts powder of a hydrated 
metal compound, and 

(C) 0.01 to 50 weight parts branched organopolysi- 
loxane with average unit fbrmuia 



1^ 
CM 



CL 
LU 



RaSiO(4^)/2 



where each R is a selected from the group consist- 
ing of monovalent organic groups selected from the 
group consisting of C, to 0^2 ^'^yl and C© to 0^2 
aryl and hydroxyl, wherein aryl constitutes from 60 
to 100 mole% of the total monovalent organic 
groups and the hydroxy! content in each molecule is 
from 1 to 10 weight%, a is a number from 0,75 to 
2.5, and the organopolysiloxane contains at least 
one RSIOs^ siloxane unit in each molecule, where 
R is as previously described. The composition is 
useful as a flame-retardant coating on electrical 
cables. 
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Description 

BACKGROUND OF INVENTION 

5 [0001] This invention relates to a flame-retardant polyolefin-type resin composition, to a method for the preparation 
thereof, and to flame-retardant cables coated with the composition. More particularly, this invention relates to a highly 
flame-retardant, highly moldable flame-retarclant polyolefin-type resin composition that exhibits excellent mechanical 
strength, to a method for the preparation of same, and to flame-retardant cables having a coating of the aforesaid flame- 
retardant polyolefin-type resin composition 
10 [0002] One method used to impart flame retardancy to polyolefin-type resins, e.g., polyethylene resins and ethyl- 
ene-vinyl acetate copolymer resins, comprises blending polyolefin-type resin with a halogen-containing compound 
(chlorine is a typical example of the halogen). However, halogenated compound-loaded polyolefin-type resin composi- 
tions of this type, in addition to evolving large amounts of black smoke during burning, produce gases harmful to 
humans and corrosive to metals. The addition of the powder of a hydrated metal compound, such as aluminum hydrox- 
15 ide powder or magnesium hydroxide powder, to polyolefin-type resin has already been proposed In order to address the 
problems described above for halogenated compounds. Unfortunately, this approach has required the addition of large 
amounts of the hydrated metal compound powder in order to impart flame retardancy to the polyolefin-type resin, and 
this high loading requirement has prevented the production of anything other than flame-retardant poiyolefin-type resins 
with poor moldabilities and diminished mechanical strength. Japanese Laid Open Patent Application Number Hei 5- 
20 33951 0 (339,51 0/1 993) teaches the production of flame-retardant polyolefin-type resin compositions by the addition of 
alkoxy-functional branched organosiloxane resin, phosphate ester, and metal hydroxide to thermoplastic resins such as 
styrenic resins and polyolefin-type resins. One problem with this method is that it affords a flame-retardant polyolefin- 
type resin composition whose fiame retardancy is not entirely satisfactory. Moreover, because it requires the use of 
phosphate ester, this method, for example, may be unacceptable depending on the particular application and, within the 
25 context of disposal, because of the concern of soil pollution by phosphorus compounds. 

[0003] The inventors achieved this invention as a result of intensive investigations directed to solving the problems 
described above. In specific terms, an object of this invention is to provide a highly moldable and flame-retardant poly- 
olefin-type resin composition. Additional objects of this invention are to provide a method for producing this flame- 
retardant polyolefin-type resin composition and to provide flame-retardant cables. This invention relates to a flame- 
so retardant polyolefin-type resin composition that characteristically comprises 

(A) 100 weight parts polyolefin-type resin, 

(B) 30 to 200 weight parts powder of a hydrated metal compound, and 

(C) 0.01 to 50 weight parts branched organopolysiloxane with average unit formula 

35 

RaSiO(4.ay2 

where each R is a selected from the group consisting of monovalent organic groups selected from the group con- 
sisting of Ci to alkyi and Ce to 0^2 aryl and hydroxy I, wherein aryl constitutes from 50 to 1 00 mole% of the total 
40 monovalent organic groups and the hydroxyl content in each molecule is from 1 to 1 0 weight%, a is a number from 
0.75 to 2.5, and the organopolysiloxane contains at least one RSi03/2 siloxane unit in each molecule, where R is 
as previously described. 

[0004] The invention additionally relates to a method for producing the flame-retardant polyolefin-type resin com- 
45 position and to flame-retardant cables having a coating of the flame-retardant polyolefin-type resin composition. 

DESCRIPTION OF INVENTION 

[0005] The present invention is a flame-retardant polyolefin-type resin composition comprising 

50 

(A) 100 weight parts polyolefin-type resin, 

(B) 30 to 200 weight parts powder of a hydrated metal compound, and 

(C) 0.01 to 50 weight parts branched organopolysiloxane with average unit formula 

RaSiO(4.aj/2 

where each R Is a selected from the group consisting of monovalent organic groups selected from the group con- 
sisting of Ci to C,2 alkyI and Cg to 0^2 aryl and hydroxyl, wherein aryl constitutes from 60 to 1 00 mole% of the total 
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monovalent organic groups and the hydroxy! content in each molecule Is from 1 to 1 0 weight%. a is a number from 
0.75 to 2.5, and the organopolysiloxane contains at least one RSiOa^ siloxane unit in each molecule, where R is 
as previously described. 

5 [0006] The invention additionally relates to a method for producing the flame-retardant polyolefin-type resin com- 
position and to flame-retardant cables having a coating of the flame-retardant polyolefin-type resin composition. 
[0007] The poiyolefin-type resin (A) used in this invention as a general matter entxjmpasses those high molecular 
weight compounds known as poIyo!efin*type resins, that Is, the high molecular weight polymers whose main backbone 
derives from ethylene-series hydrocarbon. Such features as the specific type and so forth are not critical. The polyole- 

10 fin-type resin under consideration can be exemplified by polyethylenes such as high-density polyethylene, medium-den- 
sity polyethylene, and low-density polyethylene; copolymers of ethylene with C3 to C,2 a-olefin such as propylene, 1- 
butene, 1-penlene, 1-hexene, 4-methyl-1 -pentene, 1-octene, and 1-decene; polypropylenes; copolymers of propylene 
with C2to Ci 2 a-olefin such as ethylene. 1-butene. 1 -pentene, 1-hexene. 4-methyl-1 -pentene. 1-octene, and 1 decene; 
ethylene-propylene copolymer rubbers; ethylene-propylene-diene copolymer rubbers; the copolymers of ethylene with 

15 vinyllc monomer such as vinyl acetate, ethyi acrylate. methacrylic acid, ethyl methacrylate, maleic acid, and maleic 
anhydride; the copolymers afforded by the modification of polyethylene or an ethylene-a-olefin copolymer with an 
unsaturated cariaoxylic acid, such as acrylic acid and maleic acid, or derivative of an unsaturated carboxylic acid; and 
mixtures of the preceding polyolefin-type resins. Preferred among these examples are the polyethylenes, ethylene-vinyl 
acetate copolymers, ethylene-ethyl acrylate copolymers, and copolymers of maleic acid or maleic anhydride with ethyl- 

20 ene or a-olefin. 

[0008] The hydrated metal compound powder (B) used in this invention is the essential component for imparting 
flame retardancy to the composition. Component (B) with a decomposition initiation temperature in the range of from 
150 to 450°C is preferred because such a component (B) has a high flame-retarding activity. Component (8) also pref- 
erably has an average particle size in the range from 0.01 to 30 urn for the good dlsperslbility in polyolefin-type resins 
25 this affords. An average particle size in the range from 0.05 to 10 |im Is even more preferred. Component (B) can be 
exemplified by magnesium hydroxide powder, aluminum hydroxide powder, and these powders after surface treatment 
with a surface treatment agent such as a silane coupling agent, titanium coupling agent, or higher aliphatic acid. Mag- 
nesium hydroxide is the prefen-ed selection from among the preceding. 

[0009] Component (B) should be introduced Into the present composition at from 30 to 200 weight parts per 100 
30 weight parts component (A) and is preferably introduced at from 50 to 1 50 weight parts per 1 00 weight parts component 
(A). An inability to impart a desirable flame retardancy to the polyolefin-type resin composition can occur when the addi- 
tion of component (B) falls below 30 weight parts, while additions in excess of 200 weight parts cause the polyolefin- 
type resin composition to have a reduced mechanical strength. 

[0010] The branched organopolysiloxane (C) used In the present composition is the component that characterizes 
35 this invention. Component (C) functions, in its co-use with component (B). to improve the flame retardancy of the com- 
position of this invention. Component (C) also functions to improve the moldability of the present composition. Compo- 
nent (C) is branched organopolysiloxane with the average unit formula RaSiO(4.a)/2 t^^^t contains at least one RSiOs^ 
siloxane unit In each molecule. R in RaS10(4.ay2 ^"^1 RSi03/2 ^ selected from the group consisting of monovalent 
organic groups selected from the group consisting of C^ to C^g alkyi and Cg to C^g aryl and hydroxyl group. The C^ to 
40 C12 alkyI encompassed by R can be exemplified by methyl, ethyl, n-propyl, isopropyl, butyl, and hexyl; while the C© to 
C12 aryl can be exemplified by phenyl, naphthyl. and tolyl. Aryl should constitute from 50 to 100 mole% of the total 
monovalent organic groups in component (C) and the hydroxyl content in each molecule should be from 1 to 10 
weight%. The subscript a in formula RaSiO(4^j/2 's a nunnber from 0.75 to 2.5. Propyl and phenyl are prefen-ed for the 
R group in the aforementioned formulas. 
45 [001 1 ] It is essential that aryl constitute from 50 to 1 00 mole% of the total monovalent organic groups in component 
(C). This value is preferably from 50 to 99 mole% and is more preferably from 60 to 90 mole%. An aryl content below 
50 mole% results in a reduced flame retardancy for the present composition. 

[001 2] Each molecule of component (C) must contain from 1 to 1 0 weight% hydroxyl and preferably contains from 
2 to 8 weight% hydroxyl. The present composition will suffer from a reduced flame retardancy at a hydroxyl content 

50 below 1 welght% or in excess of 1 0 weight%. 

[0013] Component (C) must contain at least one siloxane unit with the formula RSiOa/g (T unit) In each molecule, 
where R is as defined above. In addition to the T unit, component (C) may also contain siloxane units with the formula 
RaSiOi/g (M unit. R is defined as above), siloxane units with the fomiula R2Si02/2 (D unit, R is defined as above), and 
siloxane units with the formula Si04^ (Q unit). When these other units are present, the T un'rt content is preferably at 

55 least 90 mole% and more preferably is at least 95 mole%. With regard to the presence of the D unit in component (C), 
the D unit : T unit molar ratio is preferably in the range from 0 : 1 00 to 1 0 : 90 and more preferably is from 0 : 99 to 5 : 95! 
[0014] Branched organopolysiloxane with the following average molecular fomiula is preferred for component (C) 
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(R^3SiOi^)a(R^2Si02^)5(R^Si03;2)c(Si04/2)d(HOi;2)e 
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15 



20 
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35 
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45 



Where is a monovalent hydrocarbon group selected from the group consisting of to C^g alkyl and Cg to C^g aryl. 
a is zero or a positive number, b is zero or a positive number, c is a positive number, d is 0 or a positive number, and e 
is a positive number. 

[0015] The Ci to Cig alkyl encompassed by R^ can be exemplified by methyl, ethyl, n-propyl, isopropyl, butyl, and 
hexyl; while the Ce to 0^2 ary' can be exemplified by phenyl, naphthyl, and tolyl. 

[0016] The softening point of component (C) is preferably lower than the softening point of the pofyolefin-type resin 

(A) and more preferably is no greater than 300°C. When component (A) is a polyolefin-type resin with a relatively low 
softening point, component (C) preferably has a softening point no greaterthan 200*C and more preferably Is a sofid at 
room temperature. 

[001 7] The weight-average nrolecular weight of component (C) should as a general matter be 300 to 500,000 and 
preferably is 300 to 1 00.000 and more preferably is 300 to 1 0,000. As used herein, the weight-average molecular weight 
is the value measured by gel pemneation chromatography (GPC). 

[001 8] The component (C) content of the present composition should be from 0.01 to 50 weight parts and prefera- 
bly is from 0. 1 to 30 weight parts, in each case per 1 00 weight parts component (A). Little capacity to Impart flame retar- 
dancy is manifested at a content of component (C) below 0.01 weight part, while the mechanical strength is diminished 
at a content in excess of 50 weight parts. 

[001 9] The present composition comprises components (A), (B). and (C). but in addition may contain insofar as the 
objects of this invention are not impaired the various additives known for improving the properties of polyolefin-type res- 
ins. These additives can be exemplified by inorganic fillers such as calcium carbonate, calcium silicate, potassium titan- 
ate, talc, clay, mica, and silica; oxidation inhibitors; lubricants; pigments; ultraviolet absorbers; heat stabilizers; light 
resistance improvers; dispersants; and static inhibitors. 

[0020] The present composition can be made by simply mixing components (A), (B). and (C) together to homoge- 
neity. In order to improve the dispersion of component (C) In component (A). In a preferred method components (A) and 

(B) are first mixed with each other while heating at a temperature greater than or equal to the softening point of compo- 
nent (A) and component (C) is then admixed with heating. 

[0021] As stated above, the present resin composition can be made simply by mixing components (A). (B), and (C) 
to homogeneity. The means for effecting this component mixing can be exemplified by mixing apparatuses and com- 
pounding apparatuses such as 2-roll mills, Banbury mixers, and kneader mixers. 

[0022] Because of its excellent moldability, the present composition can be easily processed into film, sheet, board 
and pipe moldings by such conventional plastic molding techniques as extrusion molding, calender molding, and injec- 
tion molding. The moldings thus obtained are characterized by an excellent flame retardancy and also by an excellent 
mechanical strength and therefore can be used in those applications where such properties are critical. Among such 
applications, the present composition is highly suited for application to cables such as electric power cables, optical 
fiber cables, and communication cables. 

[0023] The Invention Is explained in greater detail below through working examples. The viscosity values reported 
in the examples were measured at 25^0, while parts In the examples denotes weight parts. The flame retarxlancy of the 
flame-retardant polyolefin-type resins was evaluated by measurement of the oxygen index based JIS K 7201 , "Plastics 
— Determination of Buming Behavior by the Oxygen Index". The mechanical strength was evaluated by measurement 
of the tensile strength based on JIS K 71 13, "Testing Method for the Tensile Properties of Plastfcs". 
[0024] The branched organopolysiloxanes used In the examples had the average molecular formulas reported 
below in Table 1 and the properties reported below in Table 2. The following abbreviations are used in the examples- 
Me formethyl, Pr for n-propyl, Ph for phenyl, D for the MegSiOg/g "nit, T for the MeSiOg^g for the PrSiOa^ unit, 

and V for the PhSiOg^ unit. The molecular structure of the branched organopolysiloxanes was analyzed using 
nuclear magnetic resonance spectroscopy (NMR). The weight-average molecular weight was measured by GPC. The 
weight-average molecular weight is the value calculated on the basis of known polystyrene standards. 
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Table 1 



branched organopolysi- 
loxane 


average unit formula 


average molecular fbmnula 


SRI 


o.3oPho.7o(HO)o.43SiOi 29 


^0.30^'^V7o(HOiy2)o.43 


SR2 


Mei.oo(MeO)o.9oSiOi.o5 


Ti,oo(MeOiy2)o9o 


SR3 


Mei.67(MeO)o.56SiOa89 


Do.67'''a33<MeOi/2)o.56 
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Table 1 (continued) 



branched organopolysi- 
bxane 


average unit formula 


average naolecular formula 


SR4 


Mei.i4(HO)o.(»SiOi.4i 


Do.14To.86(*^Ol/2)o.05 



Table 2 



branched organopo- 
lysiloxane 


phenyl content 
(moIe%) 


hydroxyl content 
(weight%) 


weight-average 
molecular weight 


softening point (*»C) 


SRI 


70 


6.0 


2300 


60-100 


SR2 


0 


0 


1500 


<25 


SR3 


0 


0 


1300 


<25 


SR4 


0 


1.2 


16000 


40-60 



20 

Examples 1 to 4 and Comparative Examples 1 to 4 

[0025] Flame-retardant polyolefin-type resin compositions were prepared by mixing the components described In 
the proportions reported in Tables 3 and 5. The polyolefin-type resins used were high-density polyethylene (Hizex 

25 5303E from Mitsui Kagaku Kabushlkl Kaisha), ethylene-ethyl acrylate copolymer (Jaylex EEA A1 150 from Japan Poly- 
olefin, abbreviated as EEA resin), and maleic anhydride-modified polyethylene. The hydrated metal compound powder 
used was magnesium hydroxide powder (Kisuma 5A from Kyowa Kagaku Kabushiki Kaisha). The SRI to SR4 reported 
in Table 1 were used as the branched organ opo lysiloxane. The mixing procedure is described below. 
[0026] The polyolefin-type resin was introduced into the mixer (a Labo-Plast Mill from Toyo Seiki Seisakusho) and 

30 melted by heating to 1 80 to 220*^0. The magnesium hydroxide powder was then introduced with mixing. The branched 
organopolysiloxane was subsequently introduced with mixing to yield the flame-retardant polyolefin-type resin compo- 
sition. The resulting flame-retardant polyolefin-type resin composition was injection molded at 1 80 to 220*^0, The prop- 
erties (oxygen index and tensile strengtfi) of the resulting molding were measured; these results are reported below in 
Tables 3 and 5. 

35 

Example 5 

[0027] A polyolefin-type resin composition was prepared by Intermixing the high-density polyethylene and magne- 
sium hydroxide powder described in Example 1 and the branched organopolysiloxane SRI to homogeneity in the pro- 

40 portions reported in Table 4. The mixing procedure was as follows: the high-density polyethylene was introduced into 
the mixer (a Labo-Plast Mill from Toyo Seiki Seisakusho) and melted by heating to 1 80 to 220*^0; the magnesium 
hydroxide powder was then introduced with mixing; the branched organopolysiloxane SRI was subsequently intro- 
duced with mixing to yield the flame-retardant polyolefin-type resin composition. The resulting flame-retarxJant polyole- 
fin-type resin composition was injection molded at 180 to 220''C. The oxygen index of the resulting molding was 

45 measured and the results are reported below In Table 4. 

Example 6 

[0028] A power cable was fabricated by coating an electric wire with the flame-retardant polyolefin-type resin com- 
50 position prepared in Example 1. The wire (conductor cross section = 8 mnrt^) comprised a core wire coated with 
crosslinked polyethylene insulation (coating thickness = 1 mm). The power cable was fabricated by coating this wire 
with a 1.8 mm thickness of the flame-retardant polyolefin-type resin composition of Example 1. An excellent appear- 
ance was presented by the power cable coated with the flame-retardant polyolefin-type resin composition. The flame 
retardancy of this power cable met the requirements of the test when evaluated by the VW-1 flame test of UL Standard 
55 758. 
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[0029] Power cable coated with a flame-retardant pofyolefin-type resin composition was fabricated according to the 
procedures of Example 6. but in this case using the polyolefin-type resin composition prepared in Comparative Example 
1 rather than the polyolefin-type resin connposition that was used in Example 6. The resulting power cable had a good 
appearance, but did not meet the requirements of the test when subsequently evaluated by the VW-1 flame test of UL 
Standard 758. 



10 Table 3 





Example 1 


Example 2 


Example 3 


Example 4 


components 










high-density polyethylene (parts) 


100 


100 




90 


EEA resin (parts) 






100 




maleic anhydride-modified 








10 


polyethylene (parts) 










magnesium hydroxide (parts) 


100 


50 


100 


100 


branched organopolysiloxane 

(parts) 










SRI 


10 


10 


10 


10 


oropertles 










oxygen index 


34 


29 


34 


37 


tensile strength (MPa) 


0.17 









Table 4 





Example 5 


component? 




high-density polyethylene (parts) 


100 


EEA resin (parts) 




magnesium hydroxide (parts) 


100 


branched organopolysiloxane 

(parts) 




SRI 


10 


Droperties 




oxygen index 


30 



55 
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Tables 



5 




Comparative Exam- 
ple 1 


Comparative Exam- 
ple 2 


Comparative Example 
3 


Comparative Example 
4 




cprpponents 












high-density polyeth- 
ylene (parts) 


100 


100 


100 


100 


10 


magnesium hydrox- 
ide (parts) 


100 


100 


100 


100 




branched organopol- 
ysiloxane (parts) 










15 


SR2 
SR3 

SR4 




10 


10 


10 


20 


properties 












oxygen index 


27 


27 


27 


27 




tensile strength 
(MPa) 


0.18 
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Claims 

1 . A flame-retardant polyolefin-type resin composition comprising 

30 (A) 1 00 weight parts polyoiefln-type resin, 

(B) 30 to 200 weight parts powder of a hydrated metal compound, and 

(C) 0.01 to 50 weight parts branched organopolysiloxane with average unit formula 

RaSiO(4.aj/2 

35 

where each R is a selected from the group consisting of monovalent organic groups selected from the group 
consisting of C^ to C^2 ^'^yl and Ce to C12 aryl and hydroxyl, wherein aryl constitutes from 50 to 1 00 mole% of 
the total monovalent organic groups and the hydroxyl content In each molecule is from 1 to 1 0 welght% and a 
is a number from 0.75 to 2.5 and the organopolysiloxane contains at least one 88103/2 siloxane unit in each 
40 molecule, where R is as previously defined 

2. The flame-retardanl polyolefin-type resin composition of Claim 1 , in which component (C) is branched organopol- 
ysiloxane with average molecular formula 

45 (R3SJOl/2)a(R2Si02^)b(RSi03^)c(SiO^)d(HOi^)e 

where R is a monovalent organic group selected from the group consisting of C^ to C^g alkyi and C© to C12 aryl, 
aryl constitutes from 50 to 1 00 mole% of the total monovalent organic groups, the hydroxyl content in each mole- 
cule is from 1 to 1 0 weight%, a is zero or a positive number, b is zero or a positive number, c is a positive number, 
so d is 0 or a positive number, and e Is a positive number 

3. The flame-retardant polyolefin-type resin composition according to Claim 1 or 2 in which the monovalent organic 
groups of component (C) are selected from the group consisting of propyl and aryl. 

55 4. The flame-retardant polyolefin-type resin composition according to any preceding claim in which component (C) 
has a weight-average molecular weight of from 300 to 10,000. 

5. The flame-retardant polyolefin-type resin composition according to any preceding daim in which component (C) is 
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solid at room temperature. 

6. The flame-retardant polyolef In-type resin composition according to any preceding claim in which component (B) is 
selected from the group consisting of magnesium hydroxide powder and aluminum hydroxide powder. 

7. The flame-retardant polyolefin-type resin composition according to any preceding claim where component (A) is 
selected from the group consisting of polyethylenes, ethylene-vlnyl acetate copolymers, ethylene-ethyl acrylate 
copolymers, and copolymers of maleic acid or maleic anhydride with ethylene or a-olefin. 

8. The flame-retardant polyolefin-type resin composition according to any preceding claim where component (B) has 
an average particle size in the range of from 0.05 to 10 jim, 

9. The flame-retardant polyolefin-type resin composition according to any preceding claim where aryl constitutes 60 
to 90 mole% of the total monovalent organic groups in component (C). 

10. The flame-retardant polyolefin-type resin composition according to any preceding claim where each molecule of 
component (C) contains from 2 to 8 weight% hydroxyl. 

11. The flame-retardant polyolefin-type resin composition according to any preceding claim comprising from 0.1 to 30 
weight parts component (C) per 1 00 weight parts of component (A) 

12. A an article of manufacture having applied thereon the flame-retardant polyolefin-type resin composition as 
claimed in any preceding daim. 

13. A flame-retardant cable having applied thereon a flame-retardant polyolefin-type resin composition as claimed in 
any one of claims 1 to 11. 

14. A method for preparing the flame-retardant polyolefin-type resin composition as claimed in any one of claims 1 to 
1 1 comprising the following steps: 

mixing components (A) and (B) while heating at a temperature greater than or equal to the softening point of 

component (A), and then 

admixing component (C) with heating. 
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